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ABSTRACT 


The motions, velocittes, and accelerations of two preliminary 
designs for a new class of nuclearspowered, guidedemissile strike 
crulsers were predicted In regular waves and In long and short- 
crested seas, tmportant ship responses of the two hul's were 
compared for varlous sea condftions and ship heading angles. 
Results from the computer predictions are stored on computer 


permanent files for easy access and future use. 
ADMINISTRATIVE tNFORMATION 


The work was conducted at the David W. Taylor Naval Ship Research and 
Development Center (DTNSRDC) with funding provided by the Naval Ship Engineerirg 
Center (NAVSEC) under Project Orders WR 66002 dated 14 May 1976 and WR 66313 
dated 9 August 1976. The work is Identified as Work Units 1-1568-863 and 
1-1568-866. 


INTROBUCTION 


Two hull form designs have been proposed for a new class of nuclear- 
powered, gulded-missile strike cruisers (CSGN). The two designs are quite 
similar; the most outstanding difference is that one, designated C24.2 or LWP, 
has a wide transom stern and large waterplane area whereas the other, designated 
C17.2 or conventional hull, has a more conventional shaped stern and waterplane 


area. 


The purpose of this investigation is to establish a ship motion data base 
for the two designs.” The regular wave motions were predicted by using the 
BTNSRDC Ship-Motion and Sea-Load (SMSL) Computer Program. | 





“This rather complete documentation for the motions of these ships can be used 
now to evaluate the seaworthiness characteristics of the two designs and will 
be useful In the future to answer specific questions about these ships and 
ships of similar design. 


tMeyers, W.G. et al., "Manual - NSRBC Ship-Motlon and Sea-Load Computer Program." 


NSROC Report 3376 (Feb 1975). A complete list of references Is given on page 86. 
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DESCRIPTION OF HULL FORMS 


The particulars for the two hull designs were furnished by NAVSEC in the 
form of body plans (from which offsets of individual ship sections had to be 
determined) and a listing of ship displacements, drafts, GM's, waterline, and 
length between perpendiculars and beams. The resulting principal dimensions of 
both designs as calculated from the ship offsets are shown in Table 1. Body 
plans of the conventional and the large waterplane designs, as used by the 
computer programs, are shown In Figures | and 2, respectively. Bilge keels 

are not shown in the computer body plans, but they were ftncluded in 
the mathematical model of the hull. 


The computer-determined dimensions and form coeffictents agreed very well 
with the design values. The calculated displacements of 16,866 and 16,850 long 
tons (17,136 and 17,120 tonnes) for the two hull designs differed by less than 
2 percent from the design displacement of 17,172 long tons (17,448 tonnes). 


As seen in the table, the two designs are the same except for transom 
width, waterplane area, and assoclated parameters. For example, the difference 
in the KM Is related to the difference [In transom width. 


PREDICTION PROCEDURE 


Ship responses were computed by using the CDC 6700 and the CDC 6400 com- 
puter systems available at the Center. All of the ship motion predictions are 
stored on two 844 removable disk packs titled CSGNO] and CSGNO2. 


Many computer programs were used to make the ship motion and statistics 
predictions presented in this report. Most of the major programs, as well as 
some of the smaller access programs, are documented and a reference for each 
will be given as they are discussed. The smaller programs necessary to access 
the data and not documented elsewhere are documented In the appendixes. Copies 
of the access programs are Included on the disk pack. Instructions for access- 
ing the disk pack stored data and programs are given in the appendixes or the 


reference for each program. 








Computer program ssi! was used In the first stage of the predictions to 
calculate the response amplitude operators (RAO's) of all six degrees of 
freedom (surge, sway, heave, roll, pitch, and yaw) for both hull forms. The 
range of ship speeds and headings for which calculations were made are Indi- 
cated In Tables 2 and 3. The resulting output contains the RAO's for the 
motions listed In Section A of Table 4 and is stored on disk pack CSGNOI. 


The root mean square (rms) responses In various Irregular seas were 
calculated In the second stage of the computation by the method developed by 
St. Denis and Pierson.” The ship locations and predicted motions are shown in 
Section B of Table 4. Bretschneider irregular sea” spectra of 1.0-ft signifi- 
cant wave helght and modal wave periods of 7, 9, 11, 13, 15, 17, 19, and 21 
sec were used In the prediction. Since ship responses are regarded as being 
linear with wave height In this work, the responses In seas with greater wave 
heights can be obtained by multiplying the results for unit significant wave 
height by the desired significant wave height In feet. 


The modal wave perlfod represents the perlod corresponding to the maximum 
energy or peak of the wave energy spectrum. The complete range of realistic 
modal periods was used In the calculations so that whatever modal perfod Is 
required in the future, one close to It would be avallable, 


The rms values for all condttions shown In Tables 2 and 3 were computed 
in both long- and short-crested seas by us!Ing a cosine square spreading function 
as recommended by Baitis et ai.’ All rms values are stored on the disk pack 
CSGNO! for future use. 


For the third stage of the prediction, the rms values generated in the 
second stage were used to predict significant single amplitudes of motion 





25e. Denis, M. and W.J. Plerson, ''On the Motions of Ships in Confused Seas," 


Trans. Soc. Nav. Arch. Mar. Eng., Vol. 61, pp. 280-357 (1953). 


3pretschneider, C.L., ‘Wave Generation by Wind, Deep and Shallow Water," In 


"Estuary and Coastline Hydrodynamics," edited by Arthur T. Ippen, McGraw-Hill, 
Inc., (1966), pp. 133-196. 
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Baitis, A.E. et al., ''Besign Acceleration and Ship Motions for LNG Cargo 
Tanks,'' presented at 10th Naval Hydrodynamics Symposium, Mass. Inst. Technol., 
Cambridge, Mass. (Jun 1974). 


responses to the wave spectra most likely to occur In specific locations with 
significant wave height (double amplitudes) of 10.2, 16.9, and 30.6 ft (3.1, 
5.1, and 9.3 m). A small computer program was written to predict the signifi- 
cant single amplitude of motion from the rms motion stored on the disk packs. 


Details of the program and its operation are given in Appendix A, 


RELATIVE MOTION PREDICTIONS 


At present there Is no automated way by which the vertical motion of a 
point on the ship with respect to the water surface (relative motion) can be 
calculated from the results of computer program SMSL. Relative motion In head 
seas is an important consideration for most ships since it Is used to predict 
the number of occurrences of deck wetness, bow or sonar window emergence, and 
kee’ siamming. Therefore, the DTNSROC two-degree-of-freedom program, formerly 
called YF 17,278 and now revised and referred to as the Pitch~Heave Motion 
(PHM) Program was used. The revised version has the same form of the heave 
force and pitch moment equations as the SMSL program and predicts pitch and 
heave motion values similar to those of the SMSL program. However, the PHM 
program also calculates the vertical relative motion at specified locations 
of the ship. 


The PHM program was used to predict the vertica] relative motion at 
Stations 0, 1/2, 1, and 3 for Bretschneltder long-crested sea spectra of ].0-ft 
(0.3 m) significant wave height and modal wave perlods of 9, 11, 13, 15, and 
17 sec and to store the rms values on disk pack CSGNO2 for ship speeds from 5 
to 30 knots in 5-knot intervals. A small program, called RED (see Appendix 8), 
was written to enable the rms values to be used to calculate number of occur- 
rences of deck wetness, sonar dome window emergence, and slamming by the method 
developed by Ochi.” 


SFrank, W. and N. Salvesen, ''The Frank Close-Fit Ship Motion Computer Program," 


NSRDC Report 3289 (Jun 1970). 


buubble, E.N. and J.B. Hadler, ''Prediction of Ship Motions fn Regular and 


Irregular Head Waves,'' NSRDC Departmental Report SPD-623-01 (Apr 1975). 


Tochi, M.K., "Prediction of Occurrence and Severity of Ship Slamming at Sea," 
presented at Fifth Symposium on Naval Hydrodynamics, Norway (Sep 1964). 


h 








MOST PROBABLE SEA CONDITION 


The seas of particular interest for this ship are those most likely to 
occur in the North Atlantic during winter and to occur In any ocean around the 
world during any season. Hogben and Combe have comptled a large number of 
observed combinations of wave height and wave perlod for different ocean areas 


around the world and for each season of the year. 


In the Hogben and Lumb data, Areas 1, 2, 6, 7, 8, 9, 10, 11, 16, 17, and 
18 are included in an area defined for this prediction as the North Atlantic 
Ocean. This Includes al! of the Atlantic between 10 and 60 degrees North. 
These areas during the worst time of year (i.e., December, January and Febru- 
ary) were considered as one statistical sample in determining the probability 
distributton and probabl lity density functions of wave height for the winter 
North Atlantic. 


Stmilarly, all the data from all areas for all seasons were considered 
as one statistical sample, and the probability distribution and probability 
density function of wave height were determined for the worldwide ocean for 
al] seasons. Hogben and Lumb have a good wave height and period sample from 
most ocean areas over the world; however, no open-ocean data was included 
from the North Pacific Ocean. Waves in the North Paclfic are generally longer 
than those of most other oceans of the world. However, the effect on wave 
height and period statistics of excluding the relatively few wave samples 
of the North Pacific from the relatively large wave sample in Hogben and Lumb 
is expected to be small. Both the worldwide all-season and the winter North 
Atlantic wave height probability functions and distribution functions are 
shown In Figure 3. It should be noted that the wave heights in this report 
are significant double amplitudes and when taken from observed wave heights 
as presented by Hogben and Lumb, are converted to and presented as actual 
significant wave helghts by the method developed by Nordenstrom.> As seen 


Gan ee ee 
Hogben, N. and F.E. Lumb, "Ocean Wave Statistics,'' Her Majesty's Stationery 


Office, London (1967). 


Snordenstrim, N., "Methods for Predicting Long Term Distributions of Wave Loads 
and Probabitity of Fallure for Ships, APP 11,'' Det Norske Veritas Research 
Department Report 69-22-S (1969). 





tn Figure 3, higher wave heights are more likely to occur In the winter North 
Atlantic than in the general ocean. Also, the significant wave height most 
Vikely to occur is about 2.0 m In both winter North Atlantic and worldwide 
areas. The probability that seas with greater significant wave heights will 
be encountered than those used In the motion prediction is shown in Table § 


for both the winter North Atlantic and the wor)dwide all-season operation. 


Figures 4 and 5 show the conditional probability that a particular modal 
period will occur given that the seas have significant amplitudes of 10.2, 
16.9, or 30.6 ft (3.1, 5.1, or 9.3 m). These sea conditions are referred to 
as Sea States 5, 6, and 7 for both operational areas. The probability of a 
given moda! period for any one of the three heights is the same for both areas 
considered. Therefore, the most probable modal periods for both areas are the 
saine For Sea States 5, 6, and 7 the most probable periods are about 8, 10, 
and 12 sec, respectively. To be consistent with the motion predictions, 7 and 
9 sec are considered the most probable modal periods for Sea State 5, 9 and 
11 sec for Sea State 6, and 1! and 13 sec for Sea State 7. 


PREDICTED MOTIONS 


All computer printouts are much too voluminous to Include in this report. 
A copy of the results is avallable at OTNSRDC for future reference, Samples 
of computer output for the rms motions for short-crested seas are shown In 
Tables 6-11. The tables Include ship responses of pitch, heave, roll, vertical 
acceleration at Station 8, where the pilothouse is to be located, and the 
vertical displacement and velocity at Station 15 main deck. The numbers In the 
body of the tables are In the form 1.6/15.0 where the first number indicates 
the rms value of the ship response for a I-ft significant wave height and the 


second number is the modal period of the response spectra. 


Significant single amplitudes of ship response can be obtained from the 
rms tables by multiplying the rms response by twice the significant double 
amp} itude of wave height. A small computer program was written to calculate 
the significant single amplitude of all ship responses In the rms tables for 
any given significant wave height, Detalls of the program are given in Appendix 
A. Tables of significant responses were generated for Sea States 5, 6, and 7 
with significant helghts of 10.2, 16.9, and 30.6 ft (3.1, 5.1, and 9.3 m). 








Limited samples of the predicted ship responses are plotted for both ships in 
Figures 6-11 for short-crested seas with modal perlods close to those most 
likely to occur, as was previously discussed. These figures Indicate ship 
response at ship headings of 0 to 180 deg In 15-deg Increments for pitch, 
heave, roll, acceleration at Station 3 main deck, acceleration at Station 8 
pllothouse, and acceleration at Station 15 main deck. The solid tine is the 
conventlona! hul] response and the dashed Jine is the LWP hull response In all 
figures. The sea state and modal period are given In parentheses beside each 
pair of curves. All responses shown are significant single amplitudes versus 


ship speed. 


As seen In the figures, the difference In the responses of the two designs 
was often within the rellability of the computer predictions. Some trends 
are apparent, particularly tn the pitch response shown in Figures 6a-6g. The 
pitch of the conventional hull was worse than that of the LWP hull at all 
headings and sea conditions, particularly at higher speeds. Another somewhat 
reverse trend Is the rol! shown In Figures 8a-8g. The rol! of the conventional 
hull was better than the LWP hull at all but the O- and 15-deg headings and 
particularly in beam saa conditions where roll was most severe. It should be 
noted that the roll predictions for 30 knots were not reasonable. It is 
suspected that roll damping used by the computer was not sufficient to simulate 
30 knots. Because of the rather consistent and slowly varying nature of the 
ro)! versus speed plots, significant ro]] motion at 30 knots can be obtained 
with sufficlent accuracy by extrapolation. Ro!) predictions from the SMSL 
program are not as accurate as pitch and heave predictions due to the difficulty 


in predicting the nonlinear roll damping moment. 


In general, considering short-crested seas for any given significant wave 
height and heading, pitch and heave were most severe In longer period waves 
than the most severe roll and vertical acceleration. The wave periods to 
which the pitch and heave, or roll and vertical acceleration most violently 
responded was only different by a few seconds in short-crested seas. in 
long-crested seas the difference was after 6 to 10 seconds. Because of this 
trend, the sea condition likely to cause the most severe ship motions cannot 
be identified without first determining what type of ship response limits ship 
operation. This has been a big problem for many years and cannot be resolved 








in this Investigation. It should be noted that If extreme vertical acceler- 
ations or roll limit the operation of the ship, then oceans where waves are 
generally short should be avoided. If extreme pitch or heave limit the ship 
operation, then larger oceans where wave swells are common should be avoided. 
Wave swells are generally long-crested, with long wave period. This is true 
for both the conventional and LWP ship since both have similar motions. 


>To explore what is being missed by considering only the most probable 
modal period, Figures 12 and 13 were prepared to show pitch, heave, and rol! 
motions and vertical acceleration at Station 3 for a heading and wave mc al 
perlod where responses were nearly maximum. The pitch and heave motions shown 
in Figure 12 indicate that seas with 15+, 17°, and 2\)-sec modal periods were 
most severe. The probability of encountering seas with significant heights 
of 10 z2 ft and modal perlod of 21! sec is small but they do occur, The rol! 
motion shown in Figure 13 Indicates that seas with I1- and 13-sec modal 
periods cause the most severe roll. As indicated before, seas with shorter 
waves caused the most severe accelerations, as seen in Figure 13. 


in general, the difference between the motions shown in Figures 12 and 13 
and those shown previously for the most probable wave period was only about 
1 or 2 percent except for heave, The heave shown In Figure 12 was about 10 
percent greater than that shown for the most porobable modal period. 


DECK WETNESS, BOW EMERGENCE, AND SLAMMING 


Motton of the bow relative to the water surface, !.e., relative bow motion, 
was computed at ship Stations 0, 0.5, 1.0, and 3.0 for long-crested head seas 
and the results are stored on a disk pack. A small program, explained in 
Appendix B, was developed to access the stored relative bow motion and compute 
the number of occurrences of slamming, bow emergence, and deck wetness. 


Figure 14 shows the number of times per hour that the deck was wet for both 
ships. Bretschnelder sea spectra with significant heights of 23.5 and 30.6 ft 
(7 2 and 9.3 m) and a modal perlod of 13 sec were used In the calculations. 

Tne deck was considered to be wet when the wave surface at the forward perpen- 
dicular ship freeboard of 34.80 ft (10.61 m) for the conventional and 35.10 ft 
(10.70 m) for the LWP hull. 








As seen in the figure, the difference In the deck wetness characteristic 
of the two hulls Is small, with the LWP hull having slightly less deck wetness 
at speeds above 15 knots, 


Figure 15 shows the number of sonar dome window emergence per hour for 
both hulls in Sea States 6, low 7, and 7 with significant wave heights of 
16.9, 23.5, and 30.6 ft (5.1, 7.2, and 9.3 m) and modal periods of 11, 13, and 
13 sec, respectively. The sonar window was considered to be located at 
Station 0.5 and respectively 22.15 and 22.50 ft (6.75 and 6.86 m) below the 
waterline for the conventional and LWP hull forms. Again, the LWP hull! had 
slightly fewer window emergences per hour than the conventional hull, particu- 


larly at speeds above 10 knots. 


Figure 16 shows the number of slams per hour at Station 3 for both hulls 
In Sea States 6, low 7, and 7. The draft at Station 3 used In the slamming 
calculations was 22.15 ft (6.75 m) for the conventional hull and 22.50 ft 
(6.86 m) for the LWP hull. The difference between the slamming characteristics 
of the two hulls was negligible. 


tn general, the relative motion and thus the deck wetness, sonar window 
emergence, and slamming characteristics of the two hull! forms were very 
similar. Both ships responded most severely in deck wetness, etc., to long 


waves and swell conditions. 
CONCLUS!ONS 


The ship motion, velocity, and acceleration responses as well as deck 
wetness, sonar dome window emergence, and slamming characteristics have been 
predicted for two proposed CSGN hull! designs. It was found that the ship 
responses were very similar for the two hulls. The LWP hull did appear to 
be slightly better than the conventional hull in most comparisons. However, 
the conventional hull was better In roll than the LWP. There Is no signifi- 
cant evidence to support one hull form over the other. 


The pitch and heave motions of both designs were most severe in longer 
waves and swells; however, the roll and vertical accelerations were most 
severe in seas with shorter waves. 
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Figure 4 - Sea Spectra Modal Period Distribution for Sea States 


Figure 5 - Sea Spectra Modal Period Distribution for Sea States 
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Figure 6 - Significant Pitch for Varlous Headings 





° 


S@#8970 NI HOLId INVOIAINOIS 


SHIP SPEED IN KNOTS 


Degree Headings 


and 15- 


Figure 6a - For 0- 


14 











vz 


“mn NN _ o 
~ 





a S| fied SI 





S™MA9B NI HD1LId INVOIAINIIS 








aren 


Sees mee) 








SHIP SPEED IN KNOTS 


and 45-Degree HeadIngs 
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Figure 6d - For 90- and 105 








wv ” “~ - Oo 


S¥W49HC NI HOIId INVOISINOIS 














Z 
5 
a wn 
= £ 
7° 
© 
| wv 
x 
av 
a 
L 
n 
o 
a 
” ’ 
D in 
a“ 
S = 
- 2 
a ~ @ 
on 
EF 6 
7 Nn 
ou -_ 
-_ 
am i 
° 
rg 
' 
o 
wo 
eo 
- « 
a ‘ 
a 
a 





STOW NI HOLId LNWOIAINSIS 















Reale dled fs 
les Sete | 

e a 

ee ands es 
5 etoile ese elise! 
PC eM ae zene ae lee yee sects eta 
Rea Ae SASS ERIS: 
eVect Wwe 4 

z j 

et he LT te tT 

ze 

Pee anal dl 


wn 
sWM08d NI HOLId INVOTAINSIS 


Figure 6f - For 150- and 165-Degree Headings 
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Figure 6g - For 180-Degree Heading 
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Figure 7 - Significant Heave for Varlous Headings 
Figure 7a - For 0~ and 15-Degree Headings 
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Figure 7b - For 30- and 45-Degree Headings 
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Figure 7c - For 60- and 75-Degree Headings 
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Figure 7d - For 90- and 105-Degree Headings 
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Figure 7f - For 150- and 165-Degree Headings 
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Figure 8a - For O- and 15-Degree Headings 
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Figure 8b - For 30- and 45-Degree Headings 
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Figure 8c - For 60- and 75-Degree Headings 
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Figure 8e - For 120- and 135-Degree Headings 
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Figure 8f - For 150- and 165 
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Figure 8g - For 180-Degree Heading 
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Figure 9 - Significant Acceleration at Statlon 3 for Varlous Headings 
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Figure 9a - For O- and 15-Oegree Headings 
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Figure 9b - For 30- and 45-Degree Headings 
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Figure 9c - For 60- and 75-Degree Headings 
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Figure 9f - For 150- and 165-Degree Headings 
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Figure 9g - For 180-Degree Heading 
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Figure 10 - Significant Acceleration at Statlon 8 
for Varfous Headings 
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Figure 10a - For O- and 15-Oegree Headings 
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Figure 10b - For 30- and 45-Degree Headings 
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Figure 10d - For 90- and 105-Degree Headings 
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Figure l0e - For 120- and 135-Degree Headings 
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Figure l0f - For 150- and 165-Degree Headings 
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Figure 11 - Significant Acceleration at Station 15 
for Varlous Headings 
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Figure lla - For O- and 15-Degree Headings 
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Figure 1lb - For 30- and 45-Degree Headings 
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Figure lic - For 60- and 75-Degree Headings 
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Figure ltd ~- For 90- and 105-Degree Headings 
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Figure tle - For 120- and 135-Degree Headings 
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Figure IIIf - For 150- and 165-Degree Headings 
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Figure \lg - For 180-Degree Heading 
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Figure 12 - Most Severe Significant Pitch and Heave 
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Figure 13 - Most Severe Significant Roll and Acceleration 
at Station 3 
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Figure 14 - Frequency of Deck Wetness 
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Figure 15 - Frequency of Sonar Dome Window Emergence 
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TABLE 1 - COMPUTER PREDICTED SHIP PARTICULARS 


ee Conventlonal Hull Large Waterplane Hull 
aa C12 C24.2 
Displacement, S.W. 16,866 L. tons 16,850 L. tons 
(17,136 x 103 kg) (17,120 x 103 kg) 
Length between Perpendiculars 666.0 ft 666.0 ft 
(203.0 m) (203.0 m) 
Beam 76.46 ft 74,66 ft 
(23.31 m) (23.31 m) 
Longitudinal Center of Gravity, 
LCG, aft of Midship 8.47 ft 8.29 ft 
(2.58 m) (2.53 m) 
Transom Width 41.40 ft 66.20 ft 
(12.62 m) (20.18 m) 
Waterplane Area 37,279 Fr2 39,575 ft? 
(3,463 m2) (3,676 m2) 
Vertical Center of Gravity, 
KG 28.00 ft 28.20 ft 
(8.53 m) (8.60 m) 
Transverse Metacentric Height, 
GM 7.38 ft 11.39 ft 
(2.25 m) (3.47 m) 
Vertical Center of Buoyancy, 
KB 13.01 ft 13.31 ft 
(3.97 m) (4,06 m) 
Transverse Metacenter, KM 35.38 ft 39.56 ft 
(10.78 m) (12.06 m) 
Ch 0.52 0.52 
C. 0.89 0.90 
Ce 0.59 0.60 
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TABLE 2 - SEA CONDITIONS - MODAL PERIODS AND WAVE HEIGHTS 


Modal Wave Pertod, 
seconds 7.0 9.0 11.0 13.0 15.0 17.0 19.0 21.0 


NOTE: (A) Atl sea spectra have a 1.0-ft (0.30 m) significant wave height 
(double amp!!tude). 


(B) Motion, velocity,and acceleration rms responses can be obtalned 
for any sea state by multiplying the predicted rms values by the 
significant wave helght of the sea. 


TABLE 3 - CALCULATION CONDITIONS - SPEEDS AND HEADINGS 


Ship Speed, knots 9 5 10 Ss 20 25 30 


Heading, degrees 0 15 30 4s 60 75 90 


105 120 135 150 165 180 


NOTE: 180 deg indicates head seas. 
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TABLE & - PREDICTED MOTIONS 


A. Ship-Motlon and Sea-Loads Program 
(all headings, regular waves) 
At ship center of gravity: 


Surge, sway and heave ~ motion 


Roll, pltch and yaw - angular motion 


B. Irregular Seas Program 
(all headings, !rregular waves) 


At ship center of gravity: 
Surge, sway and heave - motion, velocity and acceleration 


Roll, pitch and yaw - angular motion velocity and acceleration 
At Statlon 3.0, 51.0 ft (15.54 m) above baseline (main deck) 


At Station 8.0, 10 ft (3.05 m) off centerline, 90 ft (27.43 m) above 


baseline (pf lothouse) 


= At Station 15.0, 51.5 (15.70 m) ft above baseline (main deck): 


Surge, sway and heave - motion, velocity and acceleration 


C. Pitch - Heave Motion Program 
(head seas, regular and Irregular waves) 
At ship center of gravity: 


Pitch, heave and relative motion 


At Stations 0.0, 0.5, 1.0, and 3.0: 
Vertical motion, velocity, and acceleration 


Relative motion and velocity 


TABLE 5 - PROBABILITY THAT SEA STATES 5, 6, AND 7 
WILL BE EXCEEDED 


Probability of Exceeding the Wave Height 


Sea State Significant North Atlantic Wor tdwide 
Wave Height (winter) (all season) 
ft percent percent 
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APPENDIX A 
PROGRAM TABL 


The TABL program prints the long-crested or short~crested rms ship 
responses contained in the CSGNO! disk pack, or it can use those values to 
compute and print significant single amplitude motions. The output format Is 
a table with the appropriate values printed as a function of speed, modal 
period, and heading. The significant responses are calculated by using the 


formula: 
XaCl: (iy, °° 


where X = the significant value 
Cy = the confidence factor, defined as 2.0 for single amplitudes 
(Ciy, = the significant wave helght 


o = the rms response for unit significant wave height 


The input card format controls the type and extent of the output of the 
program prints. The following is a listing of the data sets required: 


INPUT 
Data Card Set 1, one card, FORMAT (1!) 
This card set contains one Integer variable 


IFLAG, Column 1, Is used to determine whether long-crested or short- 


crested values are to be printed: 
IFLAG = 1, for long-crested values 
IFLAG = 2, for short-crested values 
Data Card Set 2, one card, FORMAT (11) 
This card set contains one Integer variable 


ITEST, Column 1, Is used to determine whether rms or significant single 


amp] Itude values are to be printed: 


7) 








ITEST = 0, for rms values 
ITEST > 0, for significant values 


NOTE. Data card sets 3 and 4 are repeated for each point on the ship desired 
(1 e., those previously defined for the rms calculations). The first 


point is defined as the origin. 
Data Card Set 3, one card, FORMAT (11) 
This card set contains one integer variable 


NMOT, Column 1, is used to determine the total number of motions to be read 
'n Data Card Set 4 and can have a value of from 0 to 3 for all points except 
tne origin; at the origin (point one), NMOT can have a value of from 0 to 6 
corresponding to the additional 3 angular motions which are computed only at 


tne G gin. 

NOTE: Data Card Set 4 is not included if NMOT = 0. 

Data Card Set 4, from one to six cards, FORMAT (415) 
This card set contains four integer variables 


(1) MOT, Column 5, is used to define the desired motion; MOT = I, 2, 3, 
4, 5, and 6 correspond to the motions of surge, sway, heave, roll, pitch, and 
yaw, respectively; roll, pitch, and yaw are defined only at the origin (point 


one) 


(2) T(1) is used to define the type of motion desired; T = 1, 2, and 3 


correspond to displacement, velocity, and acceleration, respectively 


NOTE: Card Sets 5 and 6 are included only when significant responses are 


desired (ITEST 0) 
Data Card Set 5, one card, FORMAT (11) 
This card set contains one integer variable 


NSW, Column 1, is used to determine the number of significant wave 


heights to be read In Data Card Set 6 
Data Card Set 6, one card, FORMAT (8F10.4) 


This card set contains the NSW values of significant wave helght, SWH(I), 


used in computing the significant responses 
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NOTE: Data Card Set 7 is included only when motions other than at the origin 


are desired. 
Data Card Set 7, from one to (NP-1)* cards, FORMAT (8A10) 
This car set contains the alphanumeric Information describing the 
individaul point locations 
PTNAM (array), Columns 1-80 


A sample of the entire computer card deck necessary to access the disk 
pack and run the program Is shown In Figure A.|I. The sample data Is set up 
to generate a table of long-crested significant values for all motions, 


velocities, and accelerations on the disk. 





* 
(NP-!) refers to the total number of point locations excluding the origin 
(point one). 
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Figure A.1 - Sample of TABL Program with Control Cards and Data 


CHT A+CM/77774710000P3. APPLEBEEs 1568 


CHARGE «CNTAs . 
PAUSE, JOB REQUIRES DISK PACK 0v4750 
MOUNT a VSN2DV4 750 ySN®CSGNOL, 
ATTACH, TAPED sCSGNITTAPESs IDSCHT As SN®CSONO 1 MRE], 
FIN, My TeR=3e0PTe? PL 250000, 
DISPOSE sUUTPUTsPREC, 
LGO, 
0000000000000000000000 ENU OF RECURD 
PROGRAM TAL CINPUT#512 OUTPUT 2512, TAPESsINPUT » TAPEGEUUTPUT » 
2 TAPE92#S}2) 
INTEGER ToelleT20T3 
' OIMENSION PTNAM (5008) oe TMOTL (12) oe IMOT2(12) oe TMOTI(12) o LHEAD (13) 
DIMENSION TITL (12) VCR) oSTGWHIB) 61018) eo LTO1B) oKV(B) 
OIMENSION KAP (50) 6 YCL (50) »ZAL (50) eOBLWL (50) oKSTAR (50) »YSTARISO) » 
2 2STAR(S0) 
DIMENSION RMSL (13) e TOEL (13) 6RMSS(13) op TUES (13) oRMS2ML (13) 5 
2 RMSOML (13) sRMS2MS (13) o RMSOMS (13) 
OLMENSION RMSTBL (130868) sTOETAL (i 3e8 08) 
eb ty OLMENSION NMOT (SL) 0M (6) o Th (6) 9T2(6) oT316) oT (396051) oMUT (6,51) 
‘ OIMENSION SWH(B) sTMUTS (12) o TMOTS (12) op TMOTH (12) vEXTTBL (1308564) 
DATA TMOTI /10HRMS LON DI,10HSP IN FEET, 
LOHRMS LAT DIslONSP IN FEET, 
LOHRMS VER DI+lOHSP IN FEET 
10H RMS ROLL »sIOHIN UEGREES. 
TOHRMS PITCH slOMIN UVEGREESe 
OH RMS Yaw sLOHIN VEGREES/ 
DATA TMOT2 /10H RMS LON »1LOHVEL IN FPS, 
10H RMS LAT sLOHVEL IN FPS, 
10H RMS VER ,LOHVEL IN FPS, 
10H RMS ROLL JIONVEL IN UPS, 
TOHRMS PITCH ,1OrvEL IN UPS, 
10H RMS Yaw -LOHVEL IN UPS? 
OATA TMOT3 /10H RMS LON el OHACC IN US, 
LOH RMS LAT »LOMACC IN OFS, 
10H RMS VER slOHACC IN O'S, 
10H RMS ROLL «@lOHACC IN US2e 
J}OHRMS PITCH s10HACC IN US2> 
10H RMS Yaw e¢1ORACC IN 122527 
OATA TMOT% /IQHEXT LON DIelOMSP IN FRile 
LOHEXT LAT O1elONSP IN FEET, 
LOHEXT VER O1,1l0HSP IN FEET, 
10H ExT ROLL -LOHIN VEGREES,» 
LOHEXT PLICH sLOMIN VEGREES. 
TOM EXT Yaw slOHIN UEGKEES, 
OATA TMOTS /10H EXT LUN elOMVEL IN FPS, 
1OH EXT LAT ,lOMvEL IN FPS, 
1OH EXT VER ,lOMVEL IN FPS, 
10H ExT ROLL slOMVEL IN UPS. 
LOHEXT PITCH ,LOHVEL IN DPS, 
? 1OH EXT Yaw ,LOHVEL IN UPS; 
DATA TMOT6 /10H EXT LON elOMACC IN GIS, 


NNN TN NM NUNN NN 


N NNN NY 


NNN 


2 LOM EXT LAT slOHACC IN UtS, 
2 10H EXT VER »IOKACC IN O'S, 
2 JOH ExT ROLL »IOHACC IN US2>s 
2 TOHEXT PITCH ,1OHACC IN US2s 
2 10H EXT Yaw ,lONACC IN uses 
ct # 2,0 


RtAD (9) TITL eNVeVeNSeSIGWHe TO oNPyNMONT o TPSTyELLg (XAP(L) SYCLULD » 
2 ZBL (1) DBL WL IT) ex STAR(T) eYSTAR(1) o2STARGT) oT ®1 gNP) 
Nhu >? tet MS 
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ae ie ener ie 


be Wye OF 








wie 


20 
30 


36 
oo 


ITO(T) = TOCT)+.001 

Ov 3 ITelenv 

KV(T) @ vilie.00)1 

WHITE (643000) NP eNMeNTeNVeNS 

READ (541000) IFLAG 

ReaD (551000) ITEST 

WRITE (643005) 

OU S IP2],NP 

ReaD (541000) NMUT(IP) 

WRITE (663010) IPeNMOT(IP) 

NMT = NMUT(IP) 

IF (NMT,EQ.0) GO TU 5 

OU & TeleNMT 

READ (561010) MUT CIs IP) o(TlsolelP) suzhed) 
WHITE (653020) MUT(T IP) o (Ti Jel olP) suelo 3) 
CUNT INUE 

CUNT INUE 

It (ITEST.GT.O} GO 10 6 

IF (IFLAG.EQ.1) WRITE (6.3030) 

IF CLFLAG.EQ,2) WRITE (6.3040) 

Gu TU 7 

READ (541000) NSW 

READ (5¢1025) (SwH(L) eL al eNSw) 

WRITE (601050) NSwe (Swit) ol t1eNSw) 

IF CITEST.LEQ.L1) WRITE (643050) 

IF (CITEST.EQ.2) WRITE (463060) 

OU 300 IP=l+NP 

NMT = NMOT(IP) 

IF (NMT.EQ.0) GU TU B 

tL = I[P-1 

TF (£P.GT.1) READ(5+61020) (PTNAMiL oJ) oe yel 08) 
IF (IP.GT.1) NMe3 

OV 200 IMeleNm 

OV 100 IT#leNT 

Jioal 

KFLAG = 0 

DU 60 Iv2l.Nv 

Iw x 0 

OU 50 IS®1.NS 

READ (9) (RMSL (IT), TOEL (1) pRMSS(19 eTOES (IT) eRMS2ML (1)  RMSOML (TT), 
2 RMS2MS(1) eRMSGMS (1) eT ele 3) 

IF (NMT.EQ.0) GU TU 50 

IF (ETEST.LE.O) NSwe=] 

OV 49 TSwaleNsSw 

Ie 2 Iwe} 

OV 45S LaleNMT 

Mil) =» MOT(T IP) 

TLCT) = TOLeTs IP) 

T2tl) 2 Tl2ele1P) 

THCT) = TC3eteIPd 

TF (M¢(T).NE.TM) GO TO 45 

TF (TICT) NESE TSANDAT261) NEST TSANOJT3(T) NEWTT) GO TU 45 
KFLAG = 1 

K4 wo ! 

DU 40 K=1,43 

GU TO (10.20) -IFLAG 

RASTBLIKeIVelS) 2 RMSLIK) 

TUETBL (Ke IVelS) © TOEL(K) 

Gu TO 30 

RASTBL(KeIVelS) & RMSS(K) 

TUETAL (Ks IVeIS) = TOES(K) 

IF CIM.LE J 3-AND.IT6EQ.3) RMSTAL (RolvelS) = RMSTBL (KolvelS5) 0100, 
If (LTEST.LE.0) GO TO 36 

EXTIBL (Ke IT Vole) @ CT@SwH(ISw) @RMSTAL (MoI VelS) 
THEAD(K) © (K=1) 15 

CUALLLAUF 


75 


2 Neem ePMER 9 a 


&5  CUNTINUJE 
49 CUNTINUJE 
50 CUNTINUE 
60 CUNTINGDE 
IF (NMT,FQ.0) GU TU 100 
Ir (KFLAG,ER.0) GO TU 100 
NW wm M(KM) OO 
MM oz NN-| 
TF (1TEST.GT.O) GU TU BO 
If (TFLAG.E2.2) GO TO 62 
It (LTeEQ,t? WRITE (662000) TETL 6 TMOTL (MM) s TMOTL INN) 
Ir (LT6E 0.2) WRITE (602000) TITL > TMOT2 (MM) oe TMUTE (NN) 
IF (1T.fU,3) WRITE (652000) TITEL e THOT 3 (MM) e THOT 3 (NN) 
G63 TU 465 
62 IF (LTsEQe)) WRITE '6o2001) TITEL e IMOTL (MM) 6 TAUTE (NN) 
It (1TeF ued) WRITE (602002) TITLe THOS (MM) oe TMUTS (NN) 
TE CET SEs 2) WRITE (662002) TETL e TMUTS (MM) oe THUTIINN) 
65 [ht CIMsLE Je ANDSITLEU.3) WRITE CO 02010) 
It (LP eGT.l) WRITE (662020) (PTNAM(L 6 J) Jel 08) 
we ITE (662030) (IHEADIN) eN=) 023) 
Qu 7S LveleNv 
welTE (652040) RVCIV) eT TOCE) eo (RMSTBL (Relves eTUETHL (Rel velde 
2 *zlel}) 
Tt (NSecE.1) GO TO 75 
D2 710 [S226NS 
70) welT& (8+2050) LTO CLS) o (RMSTSL (KedVelS) oe TOE TAL (Rol ¥elS) oK2bed 3) 
75) CUNTINUE 
wrITE (+2060! 
Gu TO WW 
BO Ds YT [SweleNSw 
Tr CLTEST.Fu.2) GO TU BS 
Te CHTEQ ST) whETE (542000) TITEL e TMOTS (MM) « PMUTS (NN) 
Ih (LT eEuiee) WRITE (662000) TITEL FMOTS (MM) o TMOTS (NN) 
Tt (LTE ae 3) WHITE (6620001 TITEL TMOTO (MM) » TMUTOINN) 
weITE (661500) Swe 1Sw) 
Gs TO 90 
BS Tf (LT eE uel) WRITE (662001) TITEL se IMOT4 (MM) o TMOTS (NN) 
Tt C1 eb ue 2) WRTTE (662001) TITLE + TMOTS (MM) 9 TMOTS (NN) 
Te CLT ebe 2) WHITE (662001) TETLe TMOTH (MM) o PMUTO CNN) 
wITTE (451500) SwRI TSW) 
Gg it CIMACE SAAN IT CEU. 3) WRITE (AS 201U) 
TF (EP QGT.1) WRITE (662020) (PTNAMIL yJ) oJ=1 98) 
welTE (562090) (EHEADIN) »N=1 913) 
Ou Go TvaleNy 
Te = JleNSw 
WHTTE (402065) KVCEV) eLTOCL) o FEXTTBU (Re TVe dl) eo FOETAL (Kol vel ds 
e “leh dd 
Tr tNGSeLE ot) GU TO 95 
Os 92 Tee 
weLTE (hy, 2045) TIOCTS) @ CEXTTAL (Rel veda) op TOE THL (Mod vet 5) Rabel 
94 Two = JwetnSw 
95 CONTE AE 
weTTe (652060) 
y? gd = Jhed 
99 Coote Ltadt 
199 CUNTINUF 
200 CUNTINUE 
300 CUNT TNE 
StuP 
1000 FuoRMAT (fh) 
1010 FueMaT (415) 
1020 FuRMAT «HA1l0) 
£025 Fuk 4AS THF IO,4) 
2050 FuRMAT (eQ8rs7/eG2ke@THE@LO® SIGNIFICANT wAVE HE LONTS SED TU CALC 
PLATE ®./p42Ke®@ THE EXTREME RESPONSES AKE®e// eH (HOKet LU ece® FI@es)} 
roan FlwaMAT (4-4AN-BAT A CEONTE TOAST WAVE ak teat 6 wf KN 
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2000 
2001 
2010 
2020 
2030 
2040 
2045 
2046 
2050 
2060 
3000 


3005 


3010 
3020 
3030 
3040 
3050 


3060 


FURMAT (IM1e 31K 1206/7 061K 5 @LONGCRESTEDO/, 36K, 2A1000/ENCOUNTERED 
2O00VAL PERTOOs T » IN SECONDS*®/AGK, CUES) 

FURMAT CUMD 6 31 Xe L2ME (7661 e OSHORTCRESTEDO/ » 36K 02A106 © ENCOUNTERED 
2MUDAL PERIOO, T « IN SECONDS®/84x,0V0£e) 

FURMAT (61468 (ACC. x 10078) 

FURMAT (28X.8A10) 

FURMAT (/2Xe%VMel Xe @TOeSIK,@SHIP MEADING ANGLE IN DEGREES @/S5K, 008, 
2 Ske lSeh2cTXe13)) 

FURMAT (C/2CL Re LA) eLO(FS 6360/90 FG.1)) 

FURMAT (/2(1K 012) LIES ede Ook Gel) ) 

FURMAT ( = (4Xel2) o1L F(FS.L oO /9oFG.1)) 

FURMAT ( (“Xo l2) 61 FIFS 3p sok Ged) 

FURMAT (/33X,eNUTE! Vv IS SHIP SPEEU IN KNUTS ANU T IS MODAL WAVE 
2 PERIOD IN SECONDS.07702X,008) 

FURMAT (®1@eSX ONE wee IS e/OK0ONM BOGS /EKSONT BOy IS e/6K 9 ONY BO, 

2 156/6KeONS £0.15) 

FURMAT (907 .5Xs@NUTE MOTION VALUES- SURGE = 1¢e20X0°NOTE TYPE y 
2ALUES= DISPLACEMENT = 1@o/26X,°SWAY = 28,39Ke VELOCITY * 2 2%, 
F/COK + PHEAVE = 3%o39K,PACCELERATIUN = 35 /26%,OROLL = 49 /26K OPT 
4CO = 506/26K,0 YAW = 6%) 

FURMAT (80%+//.5K,@AT POINT@OT39%) THE NUMBER OF MOTIONS #@,12) 

FURMAT (@O%sSKePMOTION =OyISelOKs@TYPES me, 315) 

FURMAT (@1@e7////,41Ke°THE FULLOWING TABLES ARE THE LUNGCRESTED RM 
25 VALUES®) 

FURMAT (®1S0/////440Ke*THE FULLOWING TABLES ARE THE SHORTCRESTPD R 
2mS VALUES®) 

FURMAT (®1%0/////430K0@THE FULLOWING TABLFS ARE THE LUNGCRESTED SI 
2NOLE AMPLITUDE EXTREME VALUES®) 

FURMAT (@189/////,30KeTHE FULLUWING TABLES ARE THE SHORTCRESTED § 
2INGLE AMPLITUDE EXTREME VALUES®) 

£NO 


0000000900000000000000 END OF RECURU 
1 


1 


6 
1 1 e 3 
2 1 2 3 
3 1 2 3 
4 1 e 3 
5 1 e 3 
6 1 2 3 
3 
1 1 2 3 
2 \ 2 3 
3 1 e 3 
3 
1 1 2 3 
2 ] e 3 
3 1 2 3 
3 
1 ) e 3 
2 1 e 3 
3 1 2 3 
3 
i 1 2 3 
2 i 2 3 
3 1 2 3 
3 
10.2 16,9 30.46 
STATION 3 = 566.1 FT FROM AP ANID) S160 FT ABOVE BL 
PILOT MUUSE (STATION 8) = 499.6 FT FRUM APe 10.0 FY UFF Cle AND 90.0 FT ABOVE BL 


STATION 15 - 166.5 FI FRUM ar AND 51,5 FT ARUVE BL 
AFT PERPENDICULAR = 43.5 FT AROVE @L 


0000000400000000000000 END OF FILE 
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APPENDIX B 
PROGRAM RED 


The PHM program was modified just for this project to store the Irregu)ar 
wave rms values of absolute motion velocity and acceleration and the relat:ve 
motion and velocity for al} ship locations of interest, A smal] program was 
written to pick up the rms stored values and compute the number of occurrences 
of deck wetness or sonar dome window emergence and keel slamming for any 
significant wave height. The PHM program has the capability of making these 
predictions but is not very efficient when a variety of sea spectra are under 


consideration. 


7 


The program uses the theory developed by Ochi’ to predict the number of 


occurrences of deck wetness and slamming. No allowance is made in the calcu- 
lations for either trim or sinkage of the ship since this information is not 
avatltable from the motion prediction programs. 


INPUT 


Card 1, Format (15, F7.2) 


NS{G - Number of significant wave heights to be input 
StL - Ship tength (feet) 
Card 2, Format (8F10.2) 


H(K) - Vertical distance (feet) the the point at the Kth station requested 
in the PHM program where the number of occurrences of siamming 


is to be determined 


FRE(K) - Vertica] distance (feet) to the point at the Kth station where 
the number of occurrences of deck wetness or sonar dome emergence 


is to be determined 


Alternate values of H(K) and FRE(K) up to a maximum of 8 values on a card 
input H(K) or FRE(K) = 0 if not deslred 


Card 3, Format (BF10.2) 
SIGWH(JJ) - Significant wave heights (feet) 


A sample of the input cards is shown In Figure B.1. 
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OUTPUT 


A sample of the output Is shown In Figure 8.2 for 30.60-ft significant 
wave height and 30.0-knot ship speed. Each output matrix has columns associated 
with the sea spectra with modal period as listed in the beginning of each row. 
The numbers in the table are the number of slams per hour, etc. for each 


combination of station and sea spectra. 


CONTROL CARDS 


A listing of the control cards Is shown In Figure 8.3. The program as 
well as the rms data are stored on the disk. A complete listing of the program 
1s shown in Figure B.4. 
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U/ Ga 19 KOT o0eZt @ 
Tel ont 44 RIe2 On-cT 
Syl AT 2tt CSc COPEL 
S/1 ery 76 Io2 OnrTy 
964 1? cl O04 00° 
O°¢ ney S° O°G IS COTA JAuM 
L4 09°O€ ST LHOT3H JAVM INVOT4INOTS SI anene ST ©43dS dIHS 


ANNO AQd Shy ds 


NHR? CR IE ©[%o22 CH aE HAVO IIA 4 
ST° ee eS he br * he Clee Ldn 
ante aney 1a? cote ASAIN NOTIWES 
GLAD VIN AWNOTSRAANYD 404 AUSWH Vi meas CAS ule gt NI SNOT Low AAT QWALJiTa 





CHLMRED eCM70000¢ T40 eh 32H], 

CHARGE eCHL Me LL SG6RKH 3028 oCC OK, 

PAUSE, JUB REQUIRES DISK PACK Nv4als? 
MOUNT e VONEDVG752 gSNZCSGNUC. 

ATTACHS TAPE Fe RP ASCUNVRRMPHMe TIS CHTA se SNECSGNUC. 
MAP (OFF) 

FING!) 

LGU«ePL=20000,. 

RETURNs IAFE3, 

ATTACH e TAPE Je 8MSL WEREMBPH Ye LO ZCHTA eC SNECSUNIUC. 
LOO. 

VOOOD00DL00000990NGONN. tm OF QECU)) 


Figure B.3 - Sample of Control Cards for Program RED 
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Figure B.4 - Listing of Program RED 


PRUGRAM RED (INPUT sUUTPUTs TAPEGSUUTPUT e TAPES INPUT: TAME 26 TAPE 3) 
400 FURMATCIS.F 7.2) 
401 FURMAT (AF 10.2) 
S500 FURMAT(1m1.9410) 
60] FURMATCIN SX .2NWE Bk eT Me OX, 1GMMEAVE TF PHASE c@Ke 
« LOMPITTCH TF PHases 
602 FURMAT(9n NSP oselee2hH 8 NUMBER UF SHIP SHEEDS 7s 
2am NFRS 8.164356 = NUMBER OF FREQUENCIES CUuMPUTED s/ 
. 3H NST @614eS56% & NUMBER UF STATIONS FOR VERTICAL MOTIUN COM 
ePUTATIONS 74/7 9H Nen 914558 = NUMBER OF wave HEIGHTS FUR IRR 
eEOULAR SEA CUMPUTATLONS 3 
603 FURMAT(6F 10.3) 
60% FURMAT(IH1 s20X,LOHSTATION NUMBER CF 7a c/lOkechwE Gk e THABS MOT 9 
© 2% JHRBMS) 
605 FURMAT(10%.3F10.3) 
607F FURMAT(IS///40 We 1455SLAMS PER MUUR 4/ 20Ke14HSHIP SPEED 15 «FBA.2s 
eo SH KTSs1LOXS27HSIGNIFICANT WAVE MEIGHT [5 eFB8.2.Im FILS 
THe LLMWAVE PERLUD> 3x e2HST FS. 0 9F 1002) 
608 FURMAT(FI5.,2.4110) 
609 FURMATIS///60 Ro LIRCONTACTS PER HUUR//COR,LENSHIO SPEEU 15 fF B.26 
© 44 KTSelORS2THSIGNIFICANT WAVE MEIUMT 1S oF 8.253m FIs 
o TMelIMMAVE PERTOD+ Re 2HST ofS.) 09F 1001) 
610 FURMATCIOX + 1LGMSTATION NUMBER. 10F 6.277) 
611 FURMAT (19% +SHORAFT + LOF 8.2/7) 
O12 FURMAT IIS x oSHFREEQUARN 10F 8.2/7) 
OIMENSTON HCLODs FRE (10) SIGWHIL0) © NSLAMS (6610010) oNIMP 16010010) 
DIMENSION TITLE (9) eVAT(G) WE COL) OM CSEE OME AVE (SIS > 
eHPHASE (51) PI TCHIS1) sPPHASE (S51) oe TAM(ST O10) eo TRM(S) 1 OF 
YIMENSTON BD (605610)-<VI6eSek0)e RU (605e10)6 
© AV(6 05010) 6 AM1655010) se Sun (5S) eAPNIS) oSTM( LOD 
READ(5+400! NSIG.SL 


Nw 2 0 
If (NRWLNE.1) =60 TO 110 
Read(2) TETLE eNPRSeNSP INST Nee 
110 RtEaDt3) TITLE eNERS NSP ONST oNWwhs STM Sute APN 
ReaD (50601) (OR) oF RE (HD, KB2—NST) 
RAD(594601)  (STGwrt ss) Sith eNS1O) 
Htl) = 0.0 


FHE (1) 3 0.0 

TARVEL # .5262346eSURT ISL? 

vO 100 L #laNnsP 

READ (3) WRT (TD 6 CCAD CT ete) ce AVI Te yok) s 
@ AMTT oe Je) 6 RN ese) oRVI To seK) oe RALeNST) 6 Jal eNwMl 

TF (NRW.NELL?) «=6Gu TO 300 

Rr ance) VKTUT) (CE ON) OWEN) CHE AVE IN) oe MPMASE (ND) 
2 oo PLICHIND sPOHASE (ND « (TAMING K) © TRM (NOK) Xml eNST) 5 N Ble NFRS) 
WRITE (64500) (TITLE (M)s Mal 99) 

WRITE (69602) NSP NERS NST Nw 

WRITE (60601) 

WRITE (65604) (WE (CN) eWIN) eHEAVE (ND eHPHASE (ND CPT T CHiN: sPRHASE (NI) 5 
oN 21 eNFRS) 

00 200 KslheNST 


WRITE (66604) STM (K) 
WRITE (66605) ( WEIN) » TAMING Ki 6 TRM(NeK) « NeleNFRS) 
200 CUNTINUE 
300 WRITE (6-500) (TETLE CM)» Maled) 
WRITE (60610) (STMIR) « Km2eNST) 


WRITE (6061)) (rm) Ka2enst? 
WRITE (60612) {FRE (MR). Ke2esNST) 
DO 80 JIZIENSIG 
DO 70 Jelenwh 
DO 60 Ka2.sNS!I 
RVAR & 2.e(STOWMHCDIIORD (Derek) O92 
ROUT = 2.,O(SIGWHI QI ORV (Leek E rere 
ENCPHR = 572.97 SSURTI(RDUT/R VAR) 
SLAEKP 2 H(R)@@2/RVAR © THRVEL O®e/RUUT 
FEAPIMP = FRE (KR) ®®2/RVAR 
Th (SL AERP.GT,19.9: GO TO 5? 
TE cece) ,€0.0.0>) GO 10 S$? 
S56 NSLAMS (Tose) 2 ENCPHROE RP (= (SL AE APD) 
Gu TO SA 
S7 NSLAMS( Io JeK) 2 0 
58 [FE KPIMP.G6T.10.0) GO TO 59 
Te (FRE (RK) ,EO,0.0) GO To §9 
NIMP(T.Jeh) = ENCPHR @ ERP (-(EXPLMP)) 
Gv TO 460 
SO NIMP (Te som) # 0 
60 CUNTINUE 
70 «= CONTINUE 
WRITE (65607) VATC 1) 6 SIGWH( JL, © (STM(M), Ke2.NST 
WRITE (6.608) CAPNIS) 6 (NSLAMS (DT eseKh) so Ka2eNST)_ Jel e Nw) 
WRITE (60609) VAT CL) oSIGwH (ss) e (STMI(K) » Ke2eNnST) 
WRITE (6-668) tAPN( UU) 6 UNTMPLDe seh) e Ka2eNST) e Jel eNwH) 
80 = CUNTINUE 
100) CONTINUE 
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PROGRAM REDIINPUT+ OUTPUT s TAFEGSUUTPUT +s TAPES INPUT» TAME 26 TAPED) 
400 FURMATIISsF 7.2) 
#01 FURMAT(SF 10.2) 
SOG FURMAT (141 +9Al0) 
601 FURMAT( IH] Ske 2HWE BX ol Mw OXsIGHMEAVE Th PHASE gOXe 
« LOnMPITCH TF PHASE) 
602 FURMAT(9H NSP #4146264 2 NUMBER UF <«tKIP SRPELOS 47 
oon NFRS Bele 35m & NUMBER OF FREUUENLIES CUMPUTED 77 
. 9A NST =214.564% ® NUMBER UF STATIONS FOR VERTICAL MOTION COM 
ePUTATIONS /7 GH Nw 014,584 s NUMBER OF wAvE HEIGHTS FUR IRR 
eE OCULAR SEA COMPUTATIONS ) 
603 FURMAT(6F 10.3) 
OI6 FURHATCINL e200 1LGHSTATION NUMBER OF Ta c/1OX se 24WE Oke THABS MOT ¢ 
2 SAe JHRBMS) 
605 FURMAT(10X%+3F 10.3) 
607 FURMAT(S///60 0s 144HSLAMS PER HOUR 7/ 20X%,)46HSHIP SPEED [5S oF 8.20 
a FH KTS el OXS27HSIGNIFICANT WAVE HEIGHT TS oF 6.253m FICS 
oe TRolbetwave PERLONs 3k e2HST OFS IE VGFIOW) 
608 FORMAT(F1S.2-46110) 
609 FURMAT(S///40X eI THCONTACTS, PER MUURSZPU?  )oHSmdl SPEED 15 .bAw?. 
0 SH KTS 1LOXe27HSIGNIF ICANT WAVE MELort 1°) ef Boey at FTSZ 
o MRellMwavE PERTOOs AxecHSTeF SLT O9F ILO. © 
610 FURMATCLOXSLGMSTATION NUMBER DS OF G.2/71 
CLL FURMATCI9XeSMORAFTSLOFA.2//) 
612 FURMAT (15X20 9HF REEBUARN o10F8.2//) 
DIMENSION MELO) 6 FRE(10) 5 SIGWHI10) + NSLAIS (6610010) oMIHP (6010eiu) 
OIMENSION TITLE (9) eVKT (6) oWE (SL) om (SL) ome AVE (SD) 
eHPHASE (SE) sPLTCH(G1L) sPPHASE(S1) eo TAM(SL ¥ 10) o TRIS 4 10? 
DIMENSION RUD(665e10) eRV(695elD)e AD (Geel Ode 
© AV1695610) 5 AA(6e5010) + SwH(S) eAPNIS) © 1410) 
REAN (52400) NSIG.SL 
Naw s 0 
TF (MRWNELEY) «6«GO TO 110 
READ (2) TITLE eNFRSeNSPSNST oNWH 
110 READ(3) TITLE eNFRSeNSPONSTONwre STMe “i tts APN 
READS GOL) (HIM) «FRE (KM) « K2eNST) 
READ(S5e601) = (SIGwh(JJ)e JJaleNSIG) 
HCL) = 0.0 
FRE(LD @ 0.0 
TARVEL = .526234*#SQRT (SL) 
vO 100 1 =1.NSP 
READ (3) VAT(T) 6 (CAD CT a deMt AVC De rede 
@ AAT oe ceK) os AOC Le sah eRVCLodomd eo RELONST) 9 Ja) e Nore) 
IF (NRW.NE.L) «GU TO 300 
READ (2) WVKT (D6 (WE CN) OW UN) OME AVE (ND oMPOUASE (MD 
2 + PITCHIN) sPPHASE IN) » (TAMING K) » TRYING K) oK@LONST) ® N BL ANF RD) 
WRITE (6,500) CTITLE (Md se Mahe) 
WRITE (655021 NSP SNFOSINST ONG 
WRITE (6.601) 
WRITE (60603) (WEIN) ow (N) oHEAVE (N) pHPMASE (N) ePLICHIND oPPMASE (MD oe 


oN #1 eNFRS) 
DO 206 Kal yNST 
WRITE (6.604) STM) 


WRITE (6.605) ( WEIN)» TAM(NGK) 5 TRMINSK) » Nel eNFRS? 
200 CUNT INUE 
JOO WRITE 166500) (TITLE (My 6 Meded) 
WRITE (66610) (STMIK) > Ka2,NST) 
WRITE (60621) (MCR) e Ke2eNnST? 
WRITE (60612) (FRE(K)» Ke2eNST) 
00 80 JJ#1+NSIG 
DO 70 veleNWH 
Oo 60 Ka2oNST 
RVAR @ 2.¢(SIGWH( JID PROCTsJoK) 1002 
ROOT = 2,¢(SIGWH( JI ORV( Te deK) 002 
ENCPHR = 572.97 ®SQORT(ROOT/RYAR) 
SLALAP = HIK)®O2/7RVAR © THRVEL ®*2/RDUT 
EAPIMP = FRE(K)&®2/RVAR 
TF (SLAERP.GT.10.0) GO TO S57 
IF (HOR) .£€Q.0.0) GO TO 57 
S6 NSLAMS(TeJeK) @ ENCPHROEKP (= {(SLAEXP)) 
GY TO 58 
S7? NSLAMSITeJeK) = 0 
58 IF (ExPIMP,GT.10.0) GO 10 59 
IF (FRE(K).E0.0.0) GO TO 59 
WIMP (Es soK) @ ENCPHR © EXP(-(EXPIMP)) 
GY TO 60 
59 NIMP( Tek) 2 0 
60 CONTINUE 
70 CONTINUE 
WRITE (65607) VAT CLD + SIGWH(S5). (STMIM) ss KE2sNST) 
WAITE 16,608) {tAPNID), (NSLAMS( Teoh)» Ke2,NST). solemn) 
WRITE (60609) VETOED) oSIGwH( JJ) 5 (STM(K) » Ka2eNST? 
WRITE (6608) (APNO J) > (NIMP(TeseK)e Ke2eNSthe smb oN 
80 CONTINUE 
100 CUNTINUE 
END 


85 


ons em ge eee 


REFERENCES 


Meye’s, W.G. et al., ''Manual - NSRDC Ship-Motion and Sea-Load Computer 
P-ogram,'' NSRDC Report 3376 (Feb 1975). 


St Denis, M., and W.J. Pierson, "On the Motions of Ships in Confused Seas,'' 


Trans Soc. Nav. Arch. Mar. Eng., Vol. 61, pp. 280-357 (1953). 


Bretscnneider, C L., "Wave Generation by Wind, Deep and Shallow Water,'' in 
"Estua:y and Coastiine Hydrodynamics,'' edited by Arthur T, Ippen, McGraw-Hil!, 
inc., (1966) pp. 133-196. 


Bait's, AE. et al., ‘Design Acceleration and Ship Motions for LNG Cargo 
Tanks,'' presented at 10th Naval Hydrodynamics Symposium, Mass, inst. 
Techno! (Jun 1974) 


t 


frank, W and N. Salvesen, ''The Frank Close-Fit Ship Motion Computer Program, 
NSRDC Report 3289 (Jun 1970). 
Hubble, E.N. and J.B. Hadter, ''Prediction of Ship Motions in Regular and 


itregular Head Waves,'' NSRDC Departmental Report SP0-623-01 (Apr 1975). 


Ochi, M.K , ''Prediction of Occurrence and Severity of Ship Slamming at 
Sea,'' presented at Fifth Symposium on Naval Hydrodynamics, Norway (Sep 
1964). 


Hogben, N and F E Lumb, "Ocean Wave Statistics,'' He’ “Majesty's Stationery 


Office, condon (1967). 


No'denstrim, N., "Methods for Predicting Long Term Distributions of Wave 
coads and P-obab: lity of Failure for Ships, APP 1!1,'' Det Norske Ver. tas 


Research Department Report 69-22-S (1969). 


86 


DINSRNC ISSUES THREE TYPES OF REPORTS 
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SIGNIFICANCE CARRYING. A DEPARTMENTAL ALPHANUMERIC IDENTIFICATION 
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